Abstract. The convenient route for the synthesis of Y-zeolites by utilizing steel slag as a material source was developed. Through hydrothermal treatment, well-crystallized Y-zeolite was obtained. We also synthesized TiO 2 -loaded Y-zeolites by an impregnation method. The structure of titanium oxide species highly dispersed on the zeolite, which couldn't be detected by XRD patterns, was investigated by XAFS analysis. Photocatalytic activity for decomposition of 2-propanol in liquid phase was found to be enhanced by the hydrophobic surface property of zeolite. It has been demonstrated that the zeolite synthesized from steel slag would be applicable as a promising support of TiO 2 photocatalyst.
INTRODUCTION
An aluminosilicate-type zeolite is a microporous material with exchangeable cations and large surface area. It is well-accepted that the steel slag generated in the process of iron production mainly contains Si and Al species, which are compositional elements of zeolite. Hence the convenient route for the synthesis of Y-zeolites by utilizing steel slag as a material source should be developed from the aspect of resources problem. Furthermore the combination of zeolites and nano-sized TiO 2 has been attractive for its adsorption and photocatalytic degradation of organic pollutant diluted in liquid or gaseous phases [1] .
In the present study, Y-zeolite was synthesized utilizing the pretreated steel slag and applied as the support of TiO 2 photocatalyst. The local structure of titanium oxide species was investigated by X-ray absorption fine structure and other spectroscopy techniques. The influences of zeolite composition and the crystallization of TiO 2 against photocatalytic activity for degradation of organic pollutants in liquid phases were investigated.
EXPERIMENTAL
The main compositions of steel slag used in this study are SiO 2 , Al 2 O 3 , CaO. An amorphous watergranulated slag was ball milled with 650 rpm for 1 h.
The powdered slag was stirred with HCl aqueous solution (5 mol/l) to remove several elements which inhibit crystallization of zeolite. The treated sample was heated with NaOH tablets and proper amount of NaAlO 2 to gain SlagY-zeolites with desirable SiO 2 /Al 2 O 3 ratio (2.5, 5, 10) at 623 K in air, followed by adding deionized water to fuse, aging for 24 h. The crystallization through hydrothermal treatment was carried out at 373 K for 6 h to prepare the Y-zeolite [2] .
The prepared SlagY-zeolite contains a large amount of Na + cations in its ion-exchange sites. The Na + ions were exchanged with NH 4 + by stirring in aqueous NH 4 OH solution (2 mol/l) at room temperature for 6 h, followed by calcination at 773 K for 5 h in air.
The preparation of TiO 2 loaded on Y-zeolite samples was carried out by an impregnation method. The proton type SlagY-zeolite was stirred in ammonium titanyl oxalate ((NH 4 ) 2 
･ nH 2 O) solution of 10 mmol/l at room temperature for 6 h to be ion-exchanged followed by evaporation and drying in air over night. The sample was calcined at 773 K for 5 h in air, affording TiO 2 -SlagY [3] . As reference samples, TiO 2 loaded on proton type Y-zeolite (diameter: 1.3 nm) with SiO 2 /Al 2 O 3 ratio of 5 and 40 were also prepared by a similar procedure and denoted as TiO 2 -Y(5) and TiO 2 -Y(40), respectively.
The structure of synthesized SlagY-zeolite was evaluated by XRD and the SiO 2 /Al 2 O 3 molar ratio was affirmed by XRF and its property as a zeolite porous material was evaluated by water adsorption measurement. The crystallinity of obtained TiO 2 loaded on zeolite supports were characterized by XRD and Ti K-edge XAFS analyses. The XRD patterns were recorded with a Rigaku Mini-flex using Cu Kα radiation of λ = 1.5418 Å. The diffuse reflectance absorption spectra were recorded with a Simadzu UV-2550 spectrometer at 295 K. The XAFS spectra were measured at the BL-9A facility of the Photon Factory at the National Laboratory for High-Energy Physics, Tsukuba, Japan. A Si(111) double crystal was used to monochromatize the X-rays from the 2.5 GeV electron storage ring. The Ti K-edge absorption spectra were recorded in the fluorescence mode at 295 K.
The hydrophobic and hydroplilic property of samples were determined measuring H 2 O and butane adsorption capacity. The photocatalytic activity in liquid phase was investigated measuring the decomposition of 2-propanol diluted in water (2.6×10 -3 mol/l) under UV-light irradiation (220-600 nm : 1600 μW/cm 2 (360 nm) ) at room temperature.
RESULTS AND DISCUSSION
In the preparation processes of Y-zeolite from steel slag materials, acid treatment is an essential step to remove CaO and Fe 2 O 3 contents from the slag. After dissolution with HCl, only SiO 2 content was remained and most of other contents of steel slag were totally eliminated. Fig. 1 shows the XRD patterns of synthesized Y-zeolites with SiO 2 /Al 2 O 3 ratio of 2.5 and its dependence on hydrothermally After hydrothermal treatment for 6 h, well-crystallized Na type Y-zeolite could be obtained. No zeolite phase was observed without acid treatment and with high SiO 2 /Al 2 O 3 ratio of over 5.0, suggesting that the presence of CaO and Fe 2 O 3 contents might inhibit the crystal nucleation of zeolite and that the precise control in the composition of precursor is an important factor to generate its nucleus growth.
The obtained SlagY-zeolites on each hydrothermal treatment showed large H 2 O adsorption capacity as compared to the standard Y-zeolite, as shown in Table 1 . This result suggests that the well-crystallized Y-zeolite was generated by utilizing steel slag. Y-zeolite(standard) 100 31 Figure 2 shows the results of Ti K-edge XAFS analyses of TiO 2 loaded on zeolite supports. One sharp pre-edge peak at around 4970 eV observed in the XANES spectrum is derived from the existence of isolated titanium oxide species surrounded by four oxygen atoms in the zeolite framework. And the peak at around 2.5 Å in the FT-EXAFS spectrum is derived from the existence of Ti-O-Ti bond which is due to the formation of titanium oxide crytal [4] . The former pre-edge peaks were observed in all TiO 2 loaded on Y-zeolite and the latter Ti-O-Ti peaks were not detected, suggesting that the uniform structure of Y-zeolite might restrict crystallization of titanium oxide. Figure 3 shows the photocatalytic activity for the decomposition of 2-propanol diluted in water per amount of TiO 2 for each samples. It is indicated that the higher SiO 2 /Al 2 O 3 ratio of supports enhanced the photocatalytic activity. TiO 2 loaded on the Y-zeolite with SiO 2 /Al 2 O 3 =40, which exhibited higher hydrophobicity compared to other samples, showed the highest photocatalytic activity. It is considered that high hydrophobic surface property of Y-zeolite derived from the SiO 2 /Al 2 O 3 ratio of the zeolite framework components can allow a smooth adsorption of pollutants into zeolite pores to achieve efficient photocatalytic degradation. Additionally TiO 2 loaded on the Y-zeolite synthesized from steel slag also showed photocatalytic activity.
CONCLUSION
The formation of titanium oxide species incorporated in zeolite porous structure was investigated by XAFS analyses, which suggests that all TiO 2 -loaded zeolites contains isolated and tetrahedrally-coordinated titanium oxide species in the framework and the zeolite porous structure might restrict the crystallization of TiO 2 particles.
Photocatalytic degradation of organic pollutants depends on the zeolite chemical composition and the structure of titanium oxide species. The SiO 2 /Al 2 O 3 ratio of zeolite, which provide hydrophobic or hydrophilic property to zeolites, plays an important role in degradation of organic pollutants.
It was also demonstrated that the steel slag was useful material source for the synthesis of Y-zeolite and would be applicable as a promising support of TiO 2 photocatalyst. 
